Abstract -The evaluation of heat damages in commercial milk samples has been studied by an ana" lytical procedure which uses two different and complementary methods. The first is the rapid total sulphydryl (SH) group measurement which evaluates whey protein denaturation. The second involves the measurement of absorbance at 340 nm (A 340 ) of milks modified with the Clarifying Reagent'", At .this wavelength sorne coloured compounds resulting from the non-enzymic browning still absorb. There is a satisfying correlation between A 340 and lactulose content (r = 0.98) measured in commercial milk samples by using capillary electrophoresis or high performance liquid chromatography (HPLC). Our analytical procedure using SH and A 340 measurements has been applied to 130 raw and commercial milk samples. Analysis by Student's r-test shows that the values of the two parameters obtained for raw and heat-treated milk samples were significantly different (P < 0.01). This study demonstrates that this simple protocol makes possible rapid evaluation of heat damages in commercial milk sampies as il could be done with official but more sophisticated methods. © Inra/Elsevier, Paris.
ou HPLC des laits collectés dans les magasins d'alimentation. Ce protocole analytique couplant les mesures des groupements sulfhydryles et de A 340 a été appliqué à 130 laits crus ou chauffés. Les valeurs des deux paramètres mesurés sur ces laits sont significativement différentes (p < 0,0 1). Cette étude montre que ce protocole simple permet une évaluation rapide des dénaturations thermiques des laits de consommation comme peuvent le faire les méthodes officielles plus complexes et plus longues. © Inra/Elsevier, Paris. dénaturation thermique / lait de consommation / groupement sullhydryle / absorbance A 340 / lait transparisé / méthode d'évaluation
INTRODUCTION
Heating of milk affects its physicochemical, nutritional and organoleptic properties. Protein denaturation and Maillard reactions are among the most important and undesirable consequences [2] . Pasteurisation and UHT (Ultra High Temperature) treatment produce only minor changes in casein but whey proteins are more denaturated. The in-bottle sterilisation may also cause changes in casein micelle structure.
The principal methods proposed for the evaluation of heat damages in commercial milks can be classified into two types. The first one quantifies directly or indirectly the whey protein denaturation while the second measures the consequences of the Maillard and associated reactions.
The compounds formed in the Maillard and associated reactions are often used as indicators of heat damage, such as hydroxymethylfurfural (HMF), furosine, lactulosyllysine and carboxy-methyllysine [17] . The development of the Maillard reactions in milk can also be monitored by free fluorescent intermediary compounds [13] . A good correlation between HMF and furosine contents has been found in commercial milks [5, 6] . Furosine and lactulose are good indicators of heat damages in UHT and inbottle sterilised milks and are increasingly used parameters. They are also weil correlated with each other [12, 16, 18] .
Cheng et al. [3] reported that sorne of the coloured compounds resulting from nonenzymatic browning, such as melanoidins and humic acids, have ultraviolet absorption maxima between 265 and 300 nm. They still absorb at 340 nm. Choukri et al. [4] studied the absorbance spectra of transparent-modified raw and heated milks between 320 and 500 nm. The wavelength 340 nm was chosen because there is no significant interference by milk constituents and the Clarifying Reagent". Choukri et al. [4] reported that absorbance at 340 nm (A 340 ) of raw and pasteurised samples were only slightly different but there were significant differences between raw and UHT milk samples [4, 14] . The relative standard deviation (RSO) of A 34ü for different classes of milk samples was found by Choukri et al. [4] to vary from 2.8 % (mean value 0.221, Il = 31) for in-bottle sterilised milk to 3.1 % (mean value 0.099, Il = 32) for pasteurised milk. In any case, RSO are smaller than those reported by Morales et al. [14] , which were 4.9 % (mean value 0.282, Il = 9) and 4.8 % (mean value 0.088, Il = 8), respectively. Moreover, A 34ü was weil correlated with the HMF content of raw and commercial milk samples [4, 14] .
At present, there is no single method that allows the complete characterisation of ail types of heat-treated milk. The measurement of whey protein denaturation makes it possible to differentiate between raw, pasteurised and UHT milks. Products of heat damage such as lactulose, furosine and HMF seem suitable for characterising UHT and in-bottle sterilised milks, or for estimating the severity of heat treatment of these types of milk [l, 7, 9] . The use of both criteria may be useful for a better characterisation of milk samples. However, many of these analyses are time-consuming or require sophisticated equipment.
This study reports on the linear correlation between A 340 and lactulose content measured by capillary electrophoresis and high performance liquid chromatography (HPLC). An analytical procedure is finally proposed for studying the severity of heat treatment of commercial milk samples. It uses total sulphydryl (SH) group determination and A 340 measurement of transparent-modified milk samples. This procedure was carried out on 130 samples including individual raw milks and commercial-heated milks. A statistical study was used to validate this rapid protocol.
MATERIALS AND METHODS

Milk samples
Raw milk samples from individual cows were collected on a farm. Commercial pasteurised, UHT and in-bottle sterilised milk samples used for SH content and A 340 measurements were purchased at the local market. Other milk samples were collected from European countries for studying the correlation between lactulose content and A 34o ' The pasteurisation treatment was generally carried out at 72-75 "C for 20-50 s on plate heat exchangers. UHT treatment after a heat pretreatment was performed by direct or indirect heating on plate or tubular heat exchangers at 140-145 "C for 2--6 s. In-bottle sterilisation was carried out at 120 "C for 15-20 min after pasteurisation and UHT treatments. The exact heat load was ne ver known for any of these procedures.
Measurement of the A 340
of transparent-modified milk samples
The protocol was previously described by Choukri et al. [4] . The authors pointed out the slight influence of fat content on A 34o ' According to their results, measurements have to be carried 459 out on samples having known fat content. A 340 experimental values should be consequently corrected knowing that 1 g of milk fat per liter produces an absorbance increase of 1.10-3 unit at this wavelength. A 2.4 mL aliquot of Clarifying Reagent" [II] (Prolabo, Fontenay-sous-Bois, France) was added to a 1.5 mL milk-water mixture (1 : 1, v/v). The mixture was shaken vigorously and incubated for 5-8 min at 37 oc. The absorbance of the transparent mixtures was measured at 340 nm on a Shimadzu MPS 2000 spectrophotometer (Roucaire, Courtaboeuf, France) within the next 20 min against a blank containing 1.5 mL water and 2.4 mL Clarifying Reagent", 2.3. Measurement of lactulose content
HPLC method
The lactulose content was determined by using a standard method [10] on an HPLC equipment (Waters, Milford, MA, USA) consisting of a 600E multisol vent deli very system, a Wisp 712 automatic sample processor, a 410 differential refractometer, and controlled by Millennium 2010 Chromatography Manager software. Two columns in series were used and the flow rate was 0.6 ml.imirr '.
Capillary electrophoresis method
Capillary electrophoresis was carried out on a Quanta 4000 model (Waters, Milford, MA, USA) with a fused silica capillary of 50 um i.d., and an effective length of 930 mm (Supelco, Bellefonte, PA, USA). Lactulose content was me asured with the modified method of Vorndran et al. [19] , which is a ultraviolet inverse detection at Then 0.5 mL of 0.2 mol.L-1 EDTA solution at pH 6 and 2 mL of Clarifying Reagenr" were added; the solution was shaken vigorously and the tubes placed at 37 "C for 3 to 5 min. Absorbance (As) of the transparent-rnodified mixture was read at 412 nm (within 20 min) against a blank tube containing ail reagents except milk. Another blank sample (BM) that contained ail reagents except DTNB was prepared to substract the small absorbance of transparent-modified milk. Its absorbance (A BM ) was read against a solution containing ail reagents except milk and DTNB. The final absorbance (A F ) used for the calculations was given by: A F = As -A BM • The SH amounts of the samples were calculated from cysteine hydrochloride standard curve (0-10-7 mol-L'" pel' tube).
RESUL TS AND DISCUSSION
Correlation between A 340
and lactulose content A 340 and lactulose contents determined by capillary electrophoresis were measured for 31 samples of raw, commercial UHT and in-boule sterilised rnilks. Raw rnilk sampies were analysed to obtain the minimal values for A 340 and lactulose contents. These twoparameters were highly correlated (A 340 = 0. Evaluation of heat damage in commercial milks 3.2. Analytical procedure to evaluate heat treatment of commercial milk samples ln a previous report [8] , it had been observed that total SH decreased when heating was more severe. These measurements had permitted a differentiation of raw, pasteurised and sterilised milk samples. However, it was impossible to distinguish drastic UHT-sterilised and in-bottle sterilised milk samples because their total SH contents are close to zero. In similar experiences, Pagliarini et al. [15] measured the soluble whey proteins instead of total SH and came to the same conclusion.
On the contrary, furosine and more often lactulose are considered as good indicators for intensive heating [l, 2, 6] . Good correlation factors between HMF and furosine, lactulose and furosine, lactulose and HMF were previously reported [9] . At present it is also recognised that furosine is a better indicator for mi Id treatment and sorne authors report a non-linear but polynomial correlation between lactulose and furosine levels 461 in UHT or sterilised milks [12] . A 340 has been demonstrated to be weIl correlated with HMF [4, 14] . Recently, Morales et al. [14] reported also a good correlation between A 340 and different parameters such as the loss of available lysine, or free fluorescent intermediary compounds formed in the Maillard reactions.
In addition, the present work points out the correlation between A 340 and lactulose content. Ali these results validate A 340 measurements for a good evaluation of severe and variable heat treatments.
ln principle, the use of two complementary parameters allows a more precise evaluation of heat severity in milk [15, 17] . In our study the first parameter (i.e. SH content) measures the extent of soluble protein denaturation, essential for low-heated milks, and the second one (i.e. A 340 ) measures the extent of the Maillard or associated reactions characterising the more drastic heat treatments.
The values for SH content and A 340 for 130 milk samples are reported in table /. AlI the heat-treated milks were weil differentiated, excepted raw and pasteurised samples which had a partial common area. This could be partly explained bec au se raw milk samples were individu al milk samples collected over 1 year. A previous study [8] showed that SH content depends on the season. Moreover, there was only one sam pIe of raw milk in the common area between raw and pasteurised milk samples. Variations in SH content were minimised in commercial milk samples because they were treated in bulk. Pasteurised and UHT milk samples also had a small corn mon area. It could be due to a too severe pasteurisation treatment, which may produce nearly the same heat damage as those observed in mild UHT treatment.
CONCLUSION
This analytical procedure makes use of two complementary measurernents, A 340 and SH content. It follows the present analytical tendency taking into account that a single parameter is insufficient to characterise a heat treatment. The main advantage of the proposed procedure, in comparison with the standard methods using HPLC or other sophisticated laboratory technologies, is its simplicity. It could therefore be very helpful in a screening in-house control.
